Methane fluxes were studied at two high-elevation oligotrophic peat bogs in the Ore Mts., Czech Republic. The Bukova dolina Bog was drained 15 years ago and 2 years ago was partly restored, whereas the Brumiste Bog is an intact peatland. Draining led to a change of vegetation structure, dominated by Molinia caerulea, Carex sp., and forestation by Norway spruce. Methane fluxes were measured monthly from April to November 2011 using a closed chamber. Temperature and presence of Carex were significant controls on methane fluxes. Peat depth, water table and the presence of other plant species had no significant effect on CH 4 emissions. Methane emissions ranged from 9 to 2700 mg/m 2 /day at the degraded and from 3 to 260 mg/m 2 /day at the intact bog. In general, the degraded peat bog emitted three times more methane compared to the intact peat bog, likely due to vegetation changes after longterm artificial draining.
Globally, peatlands represent a reservoir of 455 Gt of carbon (Gorham 1991) that accumulated due to a relatively small imbalance between the production and decay of organic matter in anoxic conditions (Laiho 2006) . The predicted climate change, leading to higher temperatures, lower water table levels (Roulet et al. 1992 ) and irregular precipitation with abrupt flooding (IPCC 2007) could influence carbon exchange between soil and atmosphere. These parameters play a key role in the production of greenhouse gases, mainly methane and CO 2 , the final products of microbial decomposition of organic matter in peatlands (Whalen 2005) . Wetlands could change from sink to source of carbon and by elevated emissions of methane and CO 2 start to accelerate climate warming (Laiho 2006 and references therein) . An invasion of vascular plants into wetlands may follow (Minkkinen et al. 1999) , in turn affecting emissions of CH 4 . In wetlands, methane is produced under anaerobic conditions by methanogenic bacteria via aceticlastic methanogenesis and CO 2 reduction with hydrogen and subsequently transported by molecular diffusion, bubble ebullition and emergent plants (Whalen 2005) . Part of the methane is oxidized by methanotrophic bacteria and the rest is released to the atmosphere. Vascular plants with aerenchymatic tissue could enhance methane emissions by conduction of methane from roots to the atmosphere, bypassing the oxidation zone (Whalen 2005) . Spatial variation in methane fluxes is connected to temperature, water table level, pore solute quality, microtopography, organic matter quality, microbial characteristics and plant species composition (Whalen 2005 , Lai 2009 ).
Land use management of wetlands could also affect carbon cycling and cooling effect of peatlands. In the Czech Republic, many peatlands were drained and forested in order to increase wood production. Long-term artificial drainage of peatlands substantially changes hydrogeochemical conditions (Prévost et al. 1999 ) and vegetation composition (Minkkinen et al. 1999) . Changes in plant community influence substrate quality (Hahn-Schöfl et al. 2011) , and microbial community structure (Straková et al. 2011) . In addition, carbon exudates from plant roots could act as labile substrate for methanogenesis (Bellisario et al. 1999 ). The range of degradation due to drainage and forestry vary among the sites. Some peatlands underwent extensive changes that do not allow restoring them, other sites can be successfully revitalized. From the beginning of the twenty-first century, drained peatlands in the Czech Republic started to be intensively restored (Urbanová et al. 2012) . We selected two nearby peatlands, one intact and one degraded due to 15-year long draining, with following two-year restoration to compare methane emissions. Little is known about in situ methane fluxes from Central European peat bogs and only a few studies compared fluxes between natural, degraded and restored bogs (Hahn-Schöfl et al. 2011 , Urbanová et al. 2012 ). Our objective was (i) to evaluate seasonal variability in methane fluxes at the two contrasting peat bogs, and (ii) to study controls on methane fluxes. has locally increased. Lawn microhabitat is less common, hummock and hollows prevail. The bog area is 7.2 ha. Both wetlands are oligotrophic, with relatively high atmospheric loads of pollutants, due to nearby industry (Fottová 2003) .
MATERIAL AND METHODS

Our
Gas samples were collected in situ each month between April and November 2011, using static close chambers. We defined a transect at each site (Figure 1 ), 102 m long at BU and 345 m long at BR. Along each transect four chambers were inserted in lawn microhabitats ( Figure 1 , BR1-BR4 at BR and BU1-BU4 at BU) that prevail at BR. At BU, distances between close chambers BU1, BU2, BU3 and BU4 were 33, 35 and 34 m, respectively. They were from 7 m to 11 m far from the restored channel. At BR, distances between BR1, BR2, BR3 and BR4 were 101, 180 and 64 m, respectively. Each PVC chamber consisted of two parts ( Figure 2 ). The bottom part (collar with surrounding groove) was permanently inserted 20 cm into the peat.
Before each sampling, the upper part (pot-shaped vessel of total volume of 53 L) was placed into the groove filled with water. Gases emitted from the peat surface were trapped into the chamber and mixed by a fan (Figure 2 ). One gas sample were taken after 0, 1, 1.5 and 2 h from each close chamber by a syringe and transferred to Tedlar bags. Methane concentrations were determined by gas chromatography (CHROM 5, Prague, Czech Republic) using a flame ionization detector. Fluxes were calculated using the linear portion of the gas concentration change over the 2-h time step (mean R 2 = 0.89). Rare ebullition events were deleted from the data (Yrjälä et al. 2011) . Water table level (WTL) and temperature of pore water from the surface was recorded (Figures 3b,d ,f ). Three replicates of precipitation water at each site were collected together with one replicate of water from the stream at BR and from the channel at BU (Figure 1 ). Pore water at each site was sampled by piezometers between BR1 and BR2 at BR, and between BU1 and BU2 at BU, one replicate per site each month at the depth of 0, 25 and 50 cm under WTL (Figure 1 ).
Statistical analysis was performed using the SPSS (Chicago, USA). Non-homogeneous flux data were log-transformed to achieve normality of errors. Plant species presented inside each collar (Table 1) were evaluated as binary variables (present vs. absent) and their control on methane fluxes was evaluated using a regression tree to exclude insignificant plant species. The Carex group was shown as a significant predictor of CH 4 flux, and therefore was used as a predictor in a LME 
RESULTS AND DISCUSSION
Fluxes of methane were calculated for each site (Figures 3c,e) . Temperature (P < 0.001) and Carex occurrence (P = 0.003) controlled significantly methane fluxes (Figures 4a,b,c) , whereas water table level (P = 0.7), peat depth (P = 0.318) and wetness within the lawn microhabitat (P = 0.7) were insignificant. Methane fluxes at BU bog and BR bog were different (P = 0.003), BU emitted 3 times more methane than BR (Table 3) . Temperature explained 32% of the variability in methane fluxes, showing a large effect size. In contrast, Carex occurrence and site effect explained 12% and 11% of variability in methane fluxes, respectively (medium effect size). The classification tree for evaluating vegetation control on methane fluxes is in Figure 4a . Carex canescens enhanced methane fluxes six times, Carex nigra about twice. Possible interaction between temperature and Carex presence that would be seen in Figure 4c from different slopes of linear regression, was not statistically significant (data not shown). Generally, for evaluating the interactions between variables more data are The Carex vascular plant group and cottongrass (Eriophorum vaginatum) were found to be predictors of methane fluxes in previous studies (Bellisario et al. 1999 , Tuittila et al. 2000 , Whalen 2005 ). Yavitt et al. (2000) found correlation between methane production and fresh lignin derived from Carex sedges.
Gas sampling sites at the degraded BU with the lack of Carex vascular plants exhibited also higher methane fluxes compared to the intact BR (Table 1, Figures 3c,e) . Site-specific predictor of methane fluxes could be connected to land use changes at BU. In general, drained peatlands usually emitted less methane in contrast to intact peatlands (Urbanová et al. 2011 ). The reason is thinning of the substrate zone hosting methanogens and aeration of the upper part of the peat. On the other hand, increased water table level after revitalization could be the reason After blocking ditches, the water regime stabilizes almost immediately, but it requires years to achieve ecological stabilization (Price et al. 2003 (Laiho 2006) . This easily degradable litter type could explain higher concentration of TOC in pore water at BU (Table 2) and partially influence methane fluxes at the degraded site. However, to verify this explanation for enhanced CH 4 fluxes, further study is needed. Pore water quality could also influence methane fluxes. Both methanogens and methanotrophs showed optimum pH at least 2 units higher than in situ values (pH range of pore water measured at the sites was 3.7-6.1). Higher methane emissions would be expected at the intact BR with higher pH value (Table 2, Figure 5b ). Analyses of bulk precipitation, stream and pore water in different peat depth were performed to clarify possible effect of different nutrient status at the sites on CH 4 emissions. Figure 5 show that pore water at BU is not influenced by groundwater at least to a depth of 25 cm under the water table where methanogens are active. Higher mineralization of pore water and slightly increasing pH values with the depth at BR indicate that our sampling site in the lagg area was partially influenced by groundwater. However, samples from the stream at BR in deeper part of the peat bog confirmed that both sites are mostly rain-fed. Surface water from 1.5 m deep draining channel at BU is mixed with groundwater but pore water data show that this could not influence the fluxes of emitted gases.
Thermodynamically, a threefold amount of sulfate in pore water could cause that sulfate reducers outcompete methanogens (Vile et al. 2003) and thus reduce methane emissions at BR. Similarly, higher amounts of magnesium at BU could support methane fluxes, because Mg 2+ is one of the elements needed by methanogens (Sprott and Jarell 1981) .
We conclude that the enhanced methane emissions at BU remain unexplained. Different nutrient status at the sites was excluded from possible flux controls. Sulfate reducers at the intact site BR could outcompete methanogens and thus reduce methane emissions. Most likely, an invasion of easily degradable vascular plants contributed to the enhanced methane fluxes. Composition of peatland plant communities has been considered as one of the most important drivers also in previous studies.
